We consider B3 mSUGRA models where we have one lepton number violating LiQjD k operator at the GUT scale. This can alter the supersymmetric mass spectrum leading to a sneutrino as the lightest supersymmetric particle in a large region of parameter space. We take into account the restrictions from neutrino masses, the muon anomalous magnetic moment, b → sγ and other precision measurements. We furthermore investigate existing restrictions from direct searches at LEP, the Tevatron and the CERN pp collider. We then give examples for characteristic signatures at the LHC.
I. INTRODUCTION
Supersymmetry (SUSY) [1] is a promising extension of the Standard Model of particle physics (SM) [2] ; the simplest form is denoted the supersymmetric SM (SSM). It should be imminently testable at the LHC [3] . Supersymmetric particles, if they exist, typically decay instantaneously on collider time scales down to the lightest supersymmetric particle (LSP). The nature and possible decay properties of the LSP are thus an essential ingredient for all SUSY signatures. In the minimal SSM, with conserved proton-hexality, P 6 , [4] (or equivalently conserved R-parity [5] ), the LSP is stable. Cosmological constraints as well as LEP searches then restrict the LSP to be the lightest neutralino [6, 7] .
If we allow for violation of proton-hexality, the LSP is no longer stable and in general any supersymmetric particle can be the LSP [8] . However, it is impossible to perform a detailed phenomenological study of the corresponding wide variety of mass orderings of the sparticle spectrum. We thus must restrict ourselves to well motivated models. In this paper, we focus on the B 3 minimal supergravity (mSUGRA) model [9] . In Ref. [9, 10] it was shown that in such models there are three different LSP candidates: the lightest neutralino,χ 0 1 , the lightest scalar tau (stau),τ 1 and the sneutrino,ν i . The lightest neutralino LSP has been studied extensively in the literature, see for example [11, 12, 13, 14] . More recently the stau LSP has also been investigated [9, 10, 15, 16, 17, 18, 19] .
In this paper we consider in detail the case of aν i LSP. Theν i is special, because unlike theχ 0 1 andτ 1 , the B 3 contributions to the renormalization group equations (RGEs) are essential for it to become the LSP. In Ref. [10] only one example B 3 mSUGRA scenario with aν τ LSP was presented. We go beyond this work and systematically investigate the B 3 mSUGRA pa-rameter space with aν i LSP. In the first part of our paper we analyse, which conditions at the grand unification (GUT) scale lead to aν i LSP. In the second part, we point out striking collider signatures at the LHC which can lead to a SUSY discovery and which can distinguish aν i LSP scenario from a "standard" mSUGRA scenario with a stableχ 0 1 LSP. The outline of our paper is as follows. In Sect. II, we briefly review the P 6 and B 3 mSUGRA models and discuss the RGEs which lead to aν i LSP. We then analyse in Sect. III the experimental bounds, especially on the L i Q jDk operator, which restrict theν i LSP parameter space. In Sect. IV we investigate in detail the conditions at the GUT scale leading to aν i LSP. This is the central part of our work. Finally, in Sect. V, we simulate SUSY events at the LHC within oneν µ LSP scenario. We focus on signatures, which are special for ν i LSP scenarios. We conclude in Sect. VI.
II. THE MODEL
The most general gauge invariant and renormalizable superpotential of the SSM is [20] W SSM = W P 6 + W P6 ,
The SSM with R-parity, which prohibits W P6 , is conventionally denoted the MSSM. In a more general approach, proton-hexality, P 6 , in addition prohibits dangerous dimension-five proton decay operators [4] . Here, we consider a third possibility, baryon-triality, B 3 , which violates R-parity and P 6 by prohibiting only theŪDD operators in Eq. (3). R-parity, protonhexality and baryon-triality are the only discrete gauge anomaly-free symmetries of the SSM [4, 25] . B 3 models including also a dark matter candidate have been, for example, proposed in Refs. [26] .
A. P6 mSUGRA Model
The MSSM with conserved P 6 has 124 free parameters [27] . In the mSUGRA model with conserved P 6 and radiative electroweak symmetry breaking (REWSB) [28, 29] this is reduced to five parameters, which is more manageable for phenomenological studies,
M 0 , M 1/2 and A 0 are the universal scalar mass, the universal gaugino mass and the universal trilinear scalar interaction at the GUT scale (M GUT ), respectively. tan β is the ratio of the vacuum expectation values of the two Higgs doublets; see Eq. (2) . Finally, we choose with sgn(µ) unambiguously one solution of the electroweak symmetry breaking scalar potential (|µ| is determined by REWSB). Here, X τ parametrizes the influence of the tau Yukawa coupling on the running of the stau masses.
An interesting property of REWSB is that over most of the parameter space one finds that µ 2 ≫ M 2 Z . This leads to approximate relations between neutralino and gaugino masses at M Z . Theχ 0 1 is dominantly binolike in mSUGRA models and its mass can be approximately written as [30] 
In most of the P 6 mSUGRA parameter space theχ
or theτ 1 is the LSP [9, 10, 31] .
B. B3 mSUGRA Model
The SSM allows also for lepton number violating interactions, cf. Eq. (3). These additional interactions increase the number of free parameters from 124 to more than 200. For detailed phenomenological studies, the B 3 mSUGRA model was proposed in Ref. [9] . Beyond the five mSUGRA parameters, Eq. (4), we assume one additional positive coupling Λ ′ ∈ {λ ′ ijk } at M GUT [99] . We thus have the six free parameters:
Due to the presence of one λ ′ ijk coupling at M GUT , the following changes in collider phenomenology take place compared to P 6 conserving mSUGRA:
• The RGEs get additional contributions and consequently the sparticle mass spectrum and the couplings at M Z are altered [9, 10, 33] .
• The LSP can decay into SM particles via the λ ′ ijk coupling. In principle any sparticle can now be the LSP, because the cosmological bound on stable LSPs no longer holds [6] .
• Sparticles may be produced singly, possibly on resonance [15, 23, 34] , e.g. single slepton production at hadron colliders [18, 35, 36] .
• The decay patterns of the sparticles can change due to changes in the mass spectrum and the additional B 3 interactions; see Refs. [10, 18] for explicit examples.
In this paper we mainly focus on the first aspect and investigate the effect of a non-vanishing λ 2 ij ; the latter is also proportional to λ
′2
ijk at M GUT , cf. Eq. (12) . These terms are positive and will therefore reduce mν i , going from M GUT to M Z . They are also new to the B 3 mSUGRA model compared to minimal mSUGRA. The influence of these new contributions on mν i depends on the magnitude of λ |GUT. The other mSUGRA parameters are that of SPS1a [37] . We assume up-mixing, cf. Sect. II D.
In Fig. 1 , we demonstrate the impact of a nonvanishing λ ′ 231 | GUT on the running of mν i . We have chosen the mSUGRA point SPS1a [37] , where in the P 6 conserving case, theχ 0 1 is the LSP and theτ 1 is the next-to-lightest supersymmetric particle (NLSP). See also Ref. [10] for the case of λ ′ 331 | GUT . The mass of the muon sneutrino,ν µ , decreases for increasing λ ′ 231 | GUT , as described by Eq. (11) . Furthermore, the mass of the left-handed smuon,μ L , decreases, as it belongs to the same SU(2) doublet. The running of theμ L mass squared is also described by Eq. (11) . But note that the mass difference betweenν µ andμ L , is not the same with varying λ ′ 231 | GUT as can be seen in Fig. 1 . This is due to the different D-term contributions to mν µ and mμ L , cf. Eq. (5), for different λ ′ 231 | GUT . The mass difference is approximately 20 GeV (50 GeV) for λ ′ 231 | GUT = 0.0 (0.14). Theμ L is also always heavier than theν µ , as long as tan β > 1. We calculated the sparticle masses in Fig. 1 with an unpublished B 3 version of SOFTSUSY [38, 96] .
At one-loop order, the masses of theχ 0 1 and theτ 1 , are not changed, as can be seen in Fig. 1 . They do not directly couple to the L 2 Q 3D1 operator, in contrast toν µ ,μ L . We therefore obtain for the parameter set SPS1a with λ ′ 231 | GUT > 0.12 a new candidate for the LSP, namely the sneutrino! In the following, we systematically investigate the conditions which lead to aν i LSP in B 3 mSUGRA models. From Eq. (11) it is clear that we need a coupling λ ′ ijk | GUT = 0. The smallest λ ′ ijk | GUT coupling which we found leading to aν i LSP is λ ′ ijk | GUT = 0.054. Otherwise, the new con-tributions in the RGE, Eq. (11), are not large enough to reduce mν i significantly.
A non-vanishing λ ′ ijk | GUT also reduces the left-handed squark masses of generation j and the right-handed down-squark masses of generation k, because these squarks couple directly to the L i Q jDk operator [10] . One might worry that this effect leads to unwanted flavour changing neutral currents (FCNCs), when we rotate the quarks and squarks from the flavour-basis to their mass-basis. But, for example for SPS1a with λ ′ 231 | GUT = 0.13, the respective squark masses are reduced by less than 4%, thus avoiding FCNCs which are in contradiction with experiment [39] .
We investigate in Sect. III the experimental bounds on B 3 mSUGRA models with aν i LSP. For this purpose, we need to take a closer look at quark-flavour mixing.
D. Quark Mixing
The RGEs of the different B 3 couplings are coupled via the matrix elements of the lepton-and quark-Yukawa matrices, Eq. (2). Assuming a diagonal lepton Yukawa matrix, Y E , a non-vanishing λ ′ ijk coupling at M GUT will generate at M Z all other B 3 couplings which violate the same lepton number, see also Ref. [18] . We thus need to know the up-and down-quark Yukawa matrices, Y U and Y D , respectively.
From experiment, we only know the CabibboKobayashi-Maskawa (CKM) matrix
Here, V uL (V dL ) rotates the left-handed up-(down-) type quarks from the electroweak basis to the mass basis. For simplicity, we assume that the Yukawa matrices Y U and Y D are real and symmetric, thus V uL = V uR and V dL = V dR . We can imagine two extreme cases. We refer to "up-mixing" if
at M Z , i.e. the up-type Yukawa matrix Y U is nondiagonal and Y D is diagonal. In the case of "downmixing", we have
at M Z . Now, the down-type Yukawa matrix Y D is non-diagonal and Y U is diagonal. For a more detailed discussion see for example Refs. [9, 18, 40] .
III. EXPERIMENTAL BOUNDS ONν LSP MODELS
We have shown above that a non-vanishing coupling λ ′ ijk at M GUT can affect the spectrum at M Z such that aν i is the LSP. This requires λ
In this section, we investigate for which couplings λ ′ ijk | GUT the upper bounds are sufficiently weak such that aν i LSP can be generated. For the bounds, we first take into account the generation of tree level neutrino masses. Then we review other indirect bounds on these couplings. Finally we discuss the restrictions from direct searches for supersymmetric particles at LEP, at the Tevatron and the CERN pp collider.
A. Bounds from Tree Level Neutrino Masses
If λ ′ ijk | GUT = 0 and the bilinear coupling κ i | GUT = 0, cf. Eq. (3), κ i | MZ = 0 will be generated via the RGEs [9, 41, 42, 43, 44] 16π
Furthermore, λ ′ ijk | GUT will generate the corresponding soft breaking term of κ i , namelyD i , via [9, 41, 42, 43, 44] 16π
Here,B is the soft breaking coupling corresponding to µ and is determined by REWSB [9, 29] . Since the RGEs are different for κ i andD i , they are not aligned at the weak scale and can not be rotated away through a field redefinition.
The neutrino of generation i will develop a vacuum expectation value v i due to the non-vanishing couplings κ i andD i . The vacuum expectation value v i , and the κ i operator will mix the neutralino fields with the neutrino fields which generates one massive neutrino, m νi , for non-vanishing λ ′ ijk | GUT at tree-level [9, 44, 45, 46, 47] .
Demanding that this neutrino mass is smaller than the cosmological bound on the sum of neutrino masses, determined by the combination of the WMAP data [48] and the 2dFGRS data [49] ,
results in upper bounds on λ ′ ijk | GUT , which were calculated in Ref. [9] for the parameter point SPS1a [37] .
It was found in Ref. [9] , assuming quark mixing solely in the down-sector (16) [9] . The bounds depend strongly on the masses of the relevant squarks, mq. The third column shows theνi LSP, which can be generated via the respective λ ′ ijk |GUT coupling.
we summarize in Table I the λ ′ ijk couplings, which are unrestricted by the neutrino mass bound, Eq. (19), as long as quark mixing is dominantly in the up-sector, cf. Eq. (15) . We also include the strictest experimental bound, which we discuss in the following subsection.
B. Indirect Bounds on λ ′ ijk
In this section, we review the relevant indirect bounds on the couplings λ ′ ijk from electroweak precision measurements. In Table I , we present the strongest bounds on the single λ ′ ijk couplings at the 2σ level [8, 21, 23, 50] . The bounds apply to the couplings at M Z . To obtain the respective bound at M GUT one has to divide the corresponding bound in Table I by roughly a factor of three. For each coupling the bound depends linearly on the sfermion mass of the virtual particle exchanged in the relevant process. In the right column, we show which sneutrino can become the LSP. We see that an electron sneutrino LSP,ν e , is disfavoured due to the strong bounds on the couplings λ ′ 1jk . We have found that only in a small range of mSUGRA parameter space aν e LSP is found, although large squark masses weaken the bounds. In the following we will thus concentrate on muon sneutrinos, ν µ , and tau sneutrinos,ν τ as LSP candidates.
One non-vanishing λ ′ ijk | GUT will also generate additional (LQD and LLĒ) B 3 operators at M Z , which violate the same lepton number [18] . For example, for one λ ′ 2jk | GUT = 0, we will generate all other muon number violating operators at M Z via one and two loop effects. Since bounds on products of two different B 3 couplings are often much stronger than on only one B 3 coupling [8, 21, 23, 50] , we have also checked that all generated products of the dominant λ ′ ijk coupling with a generated coupling satisfy the bounds.
All products lie at least one order of magnitude below the strongest upper bounds if λ ′ ijk | GUT = 0.1. After REWSB, the single coupling scheme, which was assumed in deriving the bounds in Table I , cannot be realized in the quark mass eigenbasis [40] . In Sect. III A, we stated that quark mixing must be dominantly in the up-sector, Eq. (15), to fulfill the cosmological bound on the sum of neutrino masses, Eq. (19) . Therefore, in the quark mass basis we will generate the following B 3 couplings
λ ′ imk with m = 1, 2, 3 couples an up-quark superfield of generation m (in the mass basis) to a lepton and down-quark superfield of generation i and k, respectively. These effective couplings can give rise to D 0 -D 0 mixing if m = 1, 2 [40, 51, 52] . D 0 oscillations were investigated by the BABAR [53, 54] , Belle [55, 56] and CDF [57] collaborations. The Heavy Flavor Averaging Group combined all experimental results and obtained windows for the allowed mass difference and the allowed lifetime difference of the D 0 -D 0 system [58] .
Ref. [52] employed the experimental 2σ errors on the D 0 -D 0 mass difference to obtain the following bounds on λ The experimentally allowed range for the difference in lifetime of the D 0 -D 0 system was used in Ref. [51] to obtain the bounds LSP parameter space is strongly restricted by the D 0 -D 0 mass difference. However it was pointed out in Ref. [51] that destructive interference, for example between P 6 violating and P 6 conserving contributions, may significantly weaken the bounds of Eq. (21), as in the case of the D 0 -D 0 lifetime difference.
In the following, we mainly focus on the couplings λ 
C. Collider Constraints

Constraints from LEP
We now determine bounds on theν i LSP mass from LEP. For the case of a non-vanishing λ ′ ijk coupling thẽ ν i LSP will dominantly decay into two jets:
Here
This decay will occur instantaneously in the detector, i.e. with no detached vertex, since in our model λ ′ ijk is bounded from below by the requirement of aν i LSP.ν i pair production followed by the decay, Eq. (23), would lead to four jet events at LEP.
Bounds on the totalν i pair production cross section, with theν i decaying via λ ′ ijk were obtained by the OPAL collaboration [60] and also by the ALEPH collaboration [61] . From these we can obtain lower bounds on the mass of theν i LSP. We calculated the pair production cross section using the formulas given in Ref. [62] , with the fine structure constant equal to its value at M Z , i.e. α = 1/128. We show in Table II the strongest lower bounds on theν i LSP masses for different lepton flavours i.
Theν i LSP mass bounds for the second and third generation (i = 2, 3) are universal. Theν e mass bound, in contrast, depends also on the chargino parameters. The chargino parameters enter through t-channel diagrams to the sneutrino pair production cross section. We calculated the different bounds on the electron sneutrino mass by assuming, that the lightest chargino is wino-like. This is the case for most mSUGRA scenarios. We then varied its mass between 120 GeV and 1000 GeV to obtain the numbers in Table II. In the following, we investigate theν µ LSP andν τ LSP parameter space in detail. Aν e LSP is less favoured due to the stronger bounds on the λ ′ 1jk couplings, cf. Table I . We employ a lower mass bound of 78 GeV. This corresponds to the bound obtained by the ALEPH collaboration, see Table II , reduced by 1 GeV to account for numerical uncertainties in SOFTSUSY [63] . Only the mass bounds of the directly decayingν i LSP need to be considered, because all the other bounds from LEP on direct and indirect decays of heavier sparticles (compared to theν i LSP) are automatically fulfilled. In addition, the LEP exclusion bound on the light Higgs, h, is m h > 114. 4 GeV at 95% confidence level [66] . Anticipating a numerical error of 3 GeV of SOFTSUSYs prediction of m h [10, 63, 64, 65] , we have imposed a lower bound of 111.4 GeV.
Constraints from the Tevatron
At the Tevatron, a non-vanishing λ ′ ijk coupling allows for resonant singlel − Li andν i production leading to dijet eventsū
The expected reach for the slepton resonance search at the Tevatron in the dijet channel is estimated in Ref. [67] as a function of the hadronic cross section for the processes in Eqs. (24), (25) and the slepton mass. In Ref. [67] , the discovery potential for slepton masses between 200 GeV and 1200 GeV is given assuming an integrated luminosity of 2 fb −1 and 30 fb −1 . We have checked that all the couplings shown in Table I , assuming λ ′ ijk | GUT = 0.1, lead to production cross sections which lie at least one order of magnitude below the expected discovery region for 2 fb −1 given in Ref. [67] . We have employed the QCD and SUSY-QCD next-toleading order (NLO) cross section [36] .
Tevatron searches for new resonances in the dijet channel have indeed been performed by the D0 collaboration [68] and the CDF collaboration [69, 70, 71] . Although B 3 models were not considered, bounds on the production cross section of additional vector bosons, W ′ and Z ′ , which decay into two jets, were obtained. These processes are very similar to the B 3 processes, Eqs. (24) and (25) . W ′ and Z ′ masses between 180 GeV and 1400 GeV were probed. In this mass region, the production cross section for a singlel − Li andν i with subsequent decay into two jets, lies at least one order of magnitude below the experimental limits on W ′ and Z ′ production. We assumed λ ′ ijk | GUT = 0.1 and one coupling of Table I .
TABLE III: Hadronic cross section for dijet production via an on shell W (Z) boson in comparison to B3 violating dijet production viaμL, Eq. (24) andνµ, Eq. (25), with a mass equal to the W (Z) mass. We assumed λ ′ 221 |GUT = 0.1. The charge conjugated processes are also taken into account.
We now estimate if the Tevatron has a chance to observe dijet pair production forl − Li andν i masses below 180 GeV. We show in Table III the hadronic cross sections for dijet production via an on-shell W (Z) boson [72, 73] . We also give the NLO production cross section for al − Li andν i with a mass equal to the Z and W mass [36] , assuming λ ′ 221 | GUT = 0.1. We see that the B 3 cross sections are roughly one order of magnitude smaller than the SM cross sections. We conclude that the processes, Eqs. (24) and (25), for slepton masses below 180 GeV can not be seen at the Tevatron because the Z and the W have not been observed at the Tevatron in the dijet channel so far.
Singly produced charged sleptons, Eq. (24), may also cascade decay into a lepton ℓ i , two jets and missing energy:l
In principle, this signature could be more easily distinguished from the (QCD) background than pure dijet events, due to the additional isolated lepton in the final state. However the cascade decay, Eq. (26), is kinematically forbidden in most regions of theν i LSP parameter space, as we show in Sect. IV. In that case one might think about the 3-body decay,l
, via a virtual neutralino. However, this process can only occur at a significant rate, if the 2-body decay mode into two jets, Eq. (24), is forbidden or kinematically suppressed. This is the case for j = 3, i.e. a top quark in the final state. But thel − Li can then not be produced as a single resonance, because we also need a top quark in the initial state, see Eq. (24) . Furthermore the 3-body decay,l
, is heavily suppressed compared to the 3-body decay via a virtual top-quark, as we will see in Sect. V A.
A non-vanishing λ ′ i31 coupling can lead to B 3 topquark decay at the Tevatron [40, 74, 75, 76, 77, 78] . For example t → dl Li if ml i < m t . However, the Tevatron can only test couplings λ ′ i31 via top decay, which lie at their upper bounds [78] , see Table I . We use smaller λ ′ i31 couplings in the following. A non-vanishing λ ′ i31 coupling contributes also to toppair production, see Refs. [78, 79, 80] . The top quarks in the tt events are polarized, since the B 3 operator couples only to left-handed top quarks. It is shown in Refs. [78, 79, 80] , that the Tevatron at the end of Run II can only test couplings λ ′ i31 , which lie near their current upper bounds, cf. Table I . The LHC will be able to probe couplings λ ′ i31 down to λ ′ i31 = 0.2 via top polarization [80] .
Constraints from the CERN pp Collider
Unlike D0 and CDF, the UA2 collaboration at the CERN pp collider was able to measure the hadronic decay mode of the Z and W [81] . They also searched for a W ′ and Z ′ decaying into two jets. They found no excess over the SM background and therefore set exclusion limits for W ′ and Z ′ production with masses between 80 GeV and 320 GeV [81, 82] .
We compared the exclusion limits with our NLO cross section predictions for single slepton, Eq. (24), and sneutrino, Eq. (25), production assuming again λ ′ ijk | GUT = 0.1 and one of the couplings shown in Table I [36] . Our cross section prediction is at least one order of magnitude smaller than the exclusion limits in the relevant mass range.
IV. SNEUTRINO LSP PARAMETER SPACE
We have shown in Sect. II C, that one non-vanishing coupling λ ′ ijk | GUT = O(10 −1 ) may lead to aν i LSP in B 3 mSUGRA models, cf. Fig 1. We also presented the λ ′ ijk couplings, which have sufficiently weak upper bounds to allow for aν i LSP, see Table I . All lepton flavours are possible, although aν e LSP is disfavoured due to the stronger bounds on the λ ′ 1jk . Thus we concentrate onν µ andν τ LSPs in the following.
In this section, we investigate in detail the dependence of theν i LSP parameter space on the mSUGRA parameters M 0 , M 1/2 , A 0 and tan β. This is the central part of our paper. We explore 2-dimensional parameter spaces, where our scans are centered around the following points Point I: M 0 = 50 GeV, M 1/2 = 500 GeV,
We perform our parameter scans with an unpublished B 3 version of SOFTSUSY [38] .
Point I results in aν µ LSP with a mass of 130 GeV. The NLSP is the left-handed smuon,μ L , with a mass of 159 GeV. Note that theμ L mass is also reduced due to λ ′ 231 | GUT = 0, and theμ L is always heavier than thẽ ν µ for tan β > 1, see Eq. (5) 
which corresponds to a 3.4σ deviation [83, 84, 85] .
In the following, we show in our parameter scans in ⇔ magenta line, labelled with" ± 3" .
Yellow (labelled with " 0 "), green (labelled with " ± 1"), blue (labelled with " ± 2") and magenta (labelled with " ± 3") are the colours of the contour lines in the plots, which we show in the following sections.
The SUSY contributions to the anomalous magnetic moment of the muon, δa , because they are at most at the percent level and can therefore be neglected [88] .
We also consider the constraints from the BR(b → sγ). The current experimental value is [89] 
Here we have added the statistical and systematic errors in quadrature [89] . If we also include the combined theoretical error of 0.3 × 10 −4 [90] we obtain the 2σ window
where we have now added theoretical and experimental errors in quadrature.
The completeν µ LSP parameter space, which we will show in the following, i.e. We finally want to point out that the completeν µ andν τ LSP parameter space, which we will show in the next three sections posses a branching ratio for B s → µ + µ − , which lies at least one order of magnitude below the current experimental upper bound [89] ,
We have employed micrOMEGAs1.3.7 [91] to calculate δa
. According to Ref. [10] , B 3 contributions to BR(b → sγ) and BR(B s → µ + µ − ) can also be neglected for only one dominant λ ′ ijk | GUT .
A. A0 Dependence
We have chosen two scenarios, Point I and Point II, Eq. (27), which we use as central values for 2-dimensional mSUGRA parameter scans. For both points A 0 < 0, with a magnitude of a few hundred GeV. We now show that this choice of A 0 enhances the negative contribution to theν i mass, which originates from a non-vanishing λ ′ ijk | GUT coupling, cf. Eq. (11). According to Eq. (11) and (12), A 0 enters the running of mν i via the B 3 soft-breaking, trilinear scalar coupling (h D k ) ij [9] . Thus (h D k ) ij gives a negative contribution to m 2 νi , as t is decreased. It is proportional to the integral of (h D k ) 2 ij over t, from t min = ln(M Z ) to t max = ln(M GUT ).
We show in Fig. 2 the running of the trilinear scalar coupling (h D k ) ij . We assume one non-vanishing coupling λ ′ ijk | GUT = 0.1 and a universal gaugino mass M 1/2 = 500 GeV. Different lines correspond to different values of A 0 . We have employed the one-loop contributions from gauge interactions [9] , as well as the B 3 leading interaction
M 1 , M 2 and M 3 are the U(1), SU(2) and SU(3) gaugino masses. The running of (h D k ) ij is dominated by the strong interaction, i.e. by the strong coupling g 3 and the gluino mass M 3 . The running is governed by two terms with opposite sign in Eq. (33), one proportional to λ ′ ijk and one proportional to (h D k ) ij . The term proportional to λ ′ ijk is always positive and thus decreases (h D k ) ij when we go from M GUT to M Z . Note, that we assume λ ′ ijk is positive. Furthermore, the gluino mass M 3 will increase by a factor of roughly 2.5 and also λ ′ ijk will increase by roughly a factor of 3 when we run from M GUT to M Z . Therefore this term gets relatively more important towards lower scales.
The sign of the term proportional to (h D k ) ij depends on the sign of A 0 , according to Eq. (12) . At M GUT , this term is positive (negative) for negative (positive) A 0 . Therefore, for positive A 0 , the term proportional to (h D k ) ij increase (h D k ) ij when we run from M GUT to M Z .
We can now understand the running of (h D k ) ij in Fig. 2 . Looking at the solid red line, A 0 = 2500 GeV, we see that (h D k ) ij first increases when we go from M GUT to smaller scales. Due to the large A 0 at M GUT , the negative term proportional to (h D k ) ij dominates and increases (h D k ) ij . Going to lower scales the positive term proportional to λ ′ ijk grows faster and starts to dominate at Q ≈ 10 6 GeV. From this scale on, (h D k ) ij decreases. In contrast, if we start with negative A 0 (solid black line), both terms give negative contributions to the running of (h D k ) ij . Then, (h D k ) ij decreases with a large slope.
The resulting running of (h D k ) 2 ij is shown in Fig. 3 . Recall Eq. (11), m 2 νi is reduced proportional to the integral of (h D k ) 2 ij over t. A negative value of A 0 therefore leads to a smaller mν i compared to a positive value of A 0 with the same magnitude. We expect from Fig. 3 , that aν i LSP in B 3 mSUGRA is preferred for negative values of A 0 with a large magnitude. We also expect, that mν i in the A 0 direction has a maximum at A 0 = 1000 GeV, if M 1/2 = 500 GeV. In general, there should be a line in the M 1/2 -A 0 plane, where mν i is "maximal", falling to either side.
We show in Fig. 4 and green (labelled with "±2") line indicate the SUSY contributions to the anomalous magnetic moment of the muon as described in Eq. (29) . The blackened out region corresponds to mSUGRA points, which lead to tachyons or where mν µ or m h lies below the LEP bound, see Sect. III C 1. In Fig. 5 , we give the mass of theν µ in GeV for theν µ LSP region shown in Fig. 4 .
We see in Fig. 4 a region with aν µ LSP and a region with aτ 1 LSP. The cross over region is marked in black. We get aν µ LSP for small and very large values of A 0 , as expected from Fig. 3 . We also see in 
B. A0-tan β Plane
We investigate in this section the sneutrino LSP parameter space in the A 0 -tan β plane. As central values for our 2-dimensional scans, we choose the points given in Eq. (27) .
We show in Fig. 6(a) [Fig. 6(b) We observe that theν µ LSP lives in an extended region of B 3 mSUGRA parameter space. For tan β = 6, we find aν µ LSP between A 0 = −750 GeV and A 0 = −300 GeV. For A 0 = −700 GeV, we find aν µ LSP between tan β = 4 and tan β = 21. We also observe that most of theν µ LSP region is consistent with the observed anomalous magnetic moment of the muon at the 1σ (blue lines) and 2σ (green lines) level, cf. Eq. (29) . Recall, that the completeν µ LSP region in Fig. 6(a) is also consistent with BR(b → sγ) at 2σ, Eq. (31) . The large region ofν µ LSP parameter space is a consequence of the choice of our central scan point, i.e. Point I of Eq. (27) . Here, the mass difference between theν µ LSP and theτ 1 (χ 0 1 ), i.e. the other LSP candidates, is rather large, namely 56 GeV (75 GeV).
We see in Fig. 6(a) that we obtain aτ 1 LSP if we increase A 0 . We explained this in the last section. A large magnitude and negative value of A 0 enhances the (negative) effect of λ We also obtain aτ 1 LSP, when we increase tan β. tan β hardly affects the mass of theν µ but affects theτ 1 mass in two ways. First, increasing tan β increases the tau Yukawa coupling, which reduces theτ 1 mass going from M GUT to M Z . This is parametrized by Eq. (8) . Second, increasing tan β increases the absolute value of the off diagonal elements of the stau mass matrix, 
tan β (e)Mass difference of theμ L andχ 0 1 for theνµ LSP region of Fig. 6(a) . We have mμ L > mχ0 Eq. (6) . This leads to larger left-right mixing and thus also reduces theτ 1 mass. We show in Fig. 6 (b) theν τ LSP parameter space. We observe a "smaller"ν τ LSP region compared to theν µ LSP region, Fig. 6(a) . We only find aν τ LSP between A 0 = −630 GeV and A 0 = −540 GeV for tan β = 8. In addition, the experimental 2σ windows for δa SUSY µ , Eq. (29), and BR(b → sγ), Eq. (31), restrict the allowedν τ LSP region in Fig. 6(b) to lie between tan β = 7 and tan β = 11.
We again obtain in Fig. 6(b) theτ 1 as LSP when we go to larger values of tan β (tan β ≈ 17). Although thẽ ν τ mass will also be reduced by a larger tau Yukawa coupling, cf. Eq. (8), the squared mass of the righthanded stau is reduced twice as much as theν τ mass. In addition, tan β increases mixing between theτ R andτ L , Eq. (6). But it is not possible to find a B 3 mSUGRA point, where the mass difference between theν τ LSP and theτ 1 is large, because λ ′ 331 | GUT also reduces the mass of theτ 1 .
We also obtain in Fig. 6 Finally we want to mention in our discussion of Fig. 6 (b) that we have a "triple-point", where theν τ , theτ 1 and theχ 0 1 are degenerate in mass. The existence of this "triple-point" is a general feature of the sneutrino LSP parameter space. This has important consequences for the LHC phenomenology, because close to a "triple-point", we effectively have three nearly degenerate LSPs at the same time. There are also large regions in Fig. 6(a) and Fig. 6(b) , where two of the three LSP candidates are nearly degenerate in mass, i.e. ∆M ≤ 5 GeV.
We present in Fig. 6(c) [Fig. 6(d) ] the mass of thẽ ν µ [ν τ ] for the corresponding sneutrino LSP regions of Fig. 6(a) [Fig. 6(b) ]. The lightest sneutrino LSPs have a mass of 78 GeV stemming from LEP bounds, cf. Sect. III C 1. The heaviest sneutrino LSPs, consistent with a exp µ , Eq. (28), and BR(b → sγ), Eq. (31), are found in Fig. 6(c) and posses a mass of roughly 200 GeV. If one wants to have a sneutrino LSP scenario consistent with the anomalous magnetic moment of the muon, than the sneutrino mass is not allowed to be much larger than 200 GeV (see also the next section).
We show in Fig. 6(e) [Fig. 6(f) We present in Fig. 7(a) [Fig. 7(b) 
(c)νµ mass, mν µ , for theνµ LSP region of Fig. 7(a) . 
(e)Mass difference of theμ L andχ 0 1 for theνµ LSP region of Fig. 7(a) . We have mμ L > mχ0 
(f)Mass difference of theτ 1 andχ 0 1 for theντ LSP region of Fig. 7(b) . We have mτ 1 > mχ0 Fig. 7(b) [Fig. 6(b) ].
As explained before, λ ′ 331 | GUT reduces also the mass of theτ 1 , which is also a candidate for the LSP. We can see this in Fig. 7(b) by noting that the mass difference between theν τ LSP and theτ 1 NLSP is rather small, i.e. ∆M < ∼ 15 GeV. A way to increase this mass difference is to decrease tan β; see the discussion in Sect. IV B.
Another difference between theν τ LSP region, Fig. 7(b) , and theν µ LSP region, Fig. 7(a) , is that the corresponding SUSY mass spectra for aν µ LSP scenario are in average heavier than the SUSY mass spectra for aν τ LSP scenario. For example, M 0 = 100 GeV (200 GeV) and M 1/2 = 500 GeV (320 GeV) lead to squark masses of roughly 1000 GeV (700 GeV) in theν µ LSP (ν τ LSP) parameter space. The reason is, that we have chosen our scenarios consistent with the measured value of a µ ; see discussion after Eq. (29).
We have again in Fig. 7 (a) as well as in Fig. 7(b) a "triple-point", where the three LSP candidates are degenerate in mass.
We give in Fig. 7(c) [Fig. 7(d) ] the mass of theν µ LSP [ν τ LSP] for the sneutrino LSP region of Fig. 7(a) [ Fig. 7(b) ]. The sneutrino LSP masses, which lead to SUSY scenarios in agreement with a exp µ (and b → sγ), range from 78 GeV (LEP bound, Sect. III C 1) up to roughly 250 GeV. Relaxing this bound, we claim that a exp µ puts an upper bound of roughly 300 GeV at the 2σ level on the mass of a sneutrino LSP within B 3 mSUGRA. Note that BR(b → sγ) increases if we increase M 1/2 , whereas δa SUSY µ decreases, cf. for example Fig. 4 and Fig. 5 in Ref. [10] . The upper bound on the sneutrino LSP mass is thus due to a exp µ . We finally show in Fig. 7(e) [Fig. 7(f) ] the mass difference in GeV between theχ (26), is therefore not observable at the Tevatron. Further phenomenological consequences at hadron colliders will be discussed in Sect. V.
D. Sneutrino LSPs with λ
We investigated in the last three sections in detail thẽ ν µ LSP (ν τ LSP) parameter space with λ ′ 231 | GUT = 0.11 (λ ′ 331 | GUT = 0.12). We briefly consider the other couplings of Table I. For λ ′ 131 | GUT , we obtain nearly the same parameter space as in Fig. 6(a) and Fig. 7(a) , where λ ′ 231 | GUT = 0.11. We now have aν e LSP instead of aν µ LSP. Also the mass of the left-handed selectron,ẽ L , (for λ ′ 131 | GUT = 0.11) equals the mass of theμ L (for λ ′ 231 | GUT = 0.11) and vice versa. But note, that theν e LSP parameter space is much more restricted than thẽ ν µ LSP parameter space due to the stronger bounds on λ ′ 131 , cf. Table I . Also the LEP bound on mν e is more model dependent, see Table II .
We also obtain aν µ LSP scenario via λ Analogously, similar to Fig. 6(b) and Fig. 7(b) , we find parameter regions, where theν τ is the LSP. We now have to choose λ 
V. HADRON COLLIDER PHENOMENOLOGY
We have shown in the last section, that a sneutrino LSP exists in an extended region of B 3 mSUGRA parameter space. We now investigate the corresponding phenomenology at hadron colliders, especially at the LHC. The main phenomenological differences between a P 6 mSUGRA scenario with a stableχ 0 1 LSP and a B 3 mSUGRA scenario with an unstable sneutrino LSP are:
• The mass spectrum is changed. We now have a sneutrino LSP. Also some of the sleptons might be lighter than theχ • The LSP is not stable anymore and directly decays to SM particles via the B 3 coupling. In the following analysis, with λ ′ 231 | GUT = 0, we have two extra jets from eachν µ LSP decay. This also results in less missing transverse momentum, p / T .
• We have shown, that λ
) is needed to obtain aν i LSP. This large coupling can lead to direct and dominating B 3 decays of heavy sparticles; namely of left-handed charged sleptons of generation i, of left-handed squarks of generation j and of right-handed down-type squarks of generation k. The SM decay products naturally have large momenta.
In the following, we investigate these aspects in detail. We perform a Monte Carlo simulation at the parton level using the HERWIG event generator [92, 93] .
A. Example Spectrum and Branching Ratios
To investigate the sneutrino LSP phenomenology at the LHC, we choose as an example a scenario with ã ν µ LSP:
This benchmark point can be found in Fig. 7 (a) and is consistent with a exp µ , Eq. (28), and BR(b → sγ), Eq. (31), at 1σ. See also Ref. [10] for a benchmark scenario with aν τ LSP.
The resulting sparticle masses and branching ratios (BRs) are given in Table IV . The B 3 decays are shown in bold-face. Sparticle masses which are significantly affected by λ ′ 231 | GUT are also bold-face. We calculate the decay rates by piping the output of SOFTSUSY through ISAWIG1.200. This is linked to ISAJET7.75 [94] in order to calculate the decay widths of the SUSY particles. This output is later fed into HERWIG to simulate events at the LHC.
We find that the decay of theν µ LSP with a mass of 124 GeV is completely dominated by the λ ′ 231 coupling. Each LSP decay leads to a bottom and a down quark and no p / T [97, 98] . However, p / T can be obtained from cascade decays of heavy sparticles. In principle, reconstruction of theν µ mass should be possible, although combinatorial backgrounds might complicate this task.
Theμ L with a mass of 147 GeV is the NLSP. This is the case in most of theν µ LSP parameter space, cf. Figs. 6(e), 7(e). Theμ L decays mainly via the L 2 Q 3D1 operator into SM fermions, in principle totd. If this decay mode is not kinematically allowed, like for the benchmark point under study, we obtain a dominant 3-body decay into W −b d [18] . We thus have at least two jets, where one of the jets is a b-jet. As mentioned in Sect. III C 2, another possible 3-body decay isμ , and the decay via the virtual top is enhanced by a colour factor of 3 [18] . However, there is an additional 2-body decay mode,μ L →cd, in Table IV . This decay proceeds via a non-vanishing λ ′ 221 coupling, which is generated out of λ ′ 231 | GUT via RGE running [9, 18, 41] .
The electroweak gauginos decay dominantly via P 6 conserving gauge interactions to 2-body final states. The lightest gaugino is theχ 0 1 , which is only the NNLSP within our benchmark scenario; mχ0 is also heavier than theτ 1 or even the right-handed smuon,μ R , and selectron,ẽ R . These scenarios can lead to multi-lepton final states. We will not consider these scenarios here, because the relevantμ R andẽ R decays into theν µ LSP and theμ L NLSP are not implemented in HERWIG. Table IV is the next-to-NNLSP (NNNLSP) with a mass of 188 GeV and almost degenerate with theχ 0 1 . Theτ 1 can in general be the NLSP, the NNLSP or NNNLSP in B 3 mSUGRA scenarios with a sneutrino LSP. Here we haveτ Table IV decay into theχ 0 1 or, in the case of theτ 2 andν τ , also into theτ 1 similar to P 6 mSUGRA scenarios. But as mentioned above, theτ 1 , theμ R and theẽ R can in general be lighter than theχ 0 1 inν µ LSP scenarios. These particles then decay preferentially into theν µ LSP via a 3-body decay.
The masses of the top-squarks,t 1,2 , and the bottomsquarks,b 1,2 , are slightly reduced due to the presence of λ ′ 231 in the corresponding RGEs. Thet 1 is the lightest squark with a mass of 650 GeV and has four 2-body decay modes with appreciable BRs. Three decays are via gauge interactions and one via λ ′ 231 . Since the electroweak gauge couplings and λ ′ 231 have the same order of magnitude, we also expect P 6 conserving and violating decays at a similar rate. The situation for thet 2 ,b 1 andb 2 is similar tot 1 . All of these particles couple via their left-handed component to the L 2 Q 3D1 operator 
TABLE IV: Branching ratios (BRs) and sparticle masses for the example scenario defined in Eq. (34) . BRs smaller than 1% are neglected. B3 decays are shown in bold-face. Masses which are reduced by more than 5 GeV (compared to the P6 spectrum) due to λ ′ 231 |GUT = 0.11 are also shown in bold-face.
and can therefore decay into two SM particles.
The masses of the left-handed and right-handed squarks of the 1st and 2nd generation are around 900 GeV. The right-handed down-squark (md R = 897 GeV) is lighter than the right-handed strange-squark (ms R = 928 GeV). In contrast both squarks are degenerate in mass in P 6 mSUGRA. However, they are so heavy, that no problems should occur with flavour changing neutral currents. λ The heaviest sparticle is the gluino,g, with a mass of 1046 GeV. It decays only via the strong interaction. The allowed decay modes and their relative BRs depend upon the sum of the final state masses. For example,g →t 1 t has the largest BR, since thet 1 is the lightest squark.
We conclude that the heavy part of the mass spectrum looks very similar to P 6 mSUGRA scenarios with a stableχ main difference can be found in the light part of the mass spectrum where we have theν i LSP. Theν i LSP decays preferentially into two jets via λ ′ ijk .
B. Sparticle Pair Production
We have investigated in the last section the mass spectrum and the BRs of SUSY particles for one representative B 3 mSUGRA scenario with aν µ LSP, described by Eq. (34). We have pointed out the general differences compared to mSUGRA scenarios with a stablẽ χ 0 1 LSP. We now explore signatures at the LHC which arise from pair production of sparticles via the gauge interactions, i.e. mainly squark and gluino production via the strong interaction. For this purpose we use the HERWIG event generator. We investigate single sparticle production in Sect. V C.
The masses of the strongly interacting sparticles are roughly 1 TeV. We therefore obtain from HERWIG a total sparticle pair production (leading order) cross section at the LHC of σ total = 3.0 pb .
So, one can expect approximately 300 000 SUSY pair production events for an integrated luminosity of 100 fb −1 . The sparticle decays follow those in Table IV . The different decay chains lead to different final states. Moreover, the p T distributions of the final state particles and the p / T can be very distinctive compared to P 6 mSUGRA with a stableχ Table IV . This decay also leads to a high-p T b-jet, i.e. p T of O(100 GeV).
Instead of high-p T neutrinos, we can also have high-p T muons from the direct decays ofd R andt 1/2 via λ ′ 231 , see Table IV . We show in Fig. 9 the p T distribution of these muons. The distribution peaks at 340 GeV. The large momenta are a consequence of the large squark masses. Nearly the entire mass of the squarks is transformed into the momenta of two SM particles. These high-p T SM particles might also be used to reconstruct the squark mass. The muon p T -distribution will peak at smaller values, if the squarks are lighter than in our benchmark scenario. But at the same time we will produce more squarks and muons compared to the cross section, Eq. (35) . If the mass spectrum is heavier compared to our example point, the cross section will be smaller. But the muon p T -distribution will now peak at larger values. Thus stronger cuts on the muon p T can be applied. We conclude that the high-p T muons might be used on the one hand to distinguish the SUSY signal from the SM background and on the other hand to distinguish the B 3 mSUGRA model with aν µ LSP from mSUGRA with a stableχ 0 1 LSP. For our benchmark scenario Eq. (34), we find that 11% of all sparticle pair production events lead to at least one high-p T muon from a squark decay. A fraction of roughly 10% is a general feature of ourν µ LSP scenarios.
The neutrino or muon from the squark decay will be accompanied by a quark with roughly the opposite p T . These quarks lead to high-p T jets, which might be bjets depending on the flavour indices of λ ′ . For our benchmark point, we obtain high-p T b-jets from the B 3 decayd R → ν µ b. We also can get a top-quark, t, from the decayd R → µ − t. We show in Fig. 10 the p Tdistribution of this top-quark. The distribution peaks at 360 GeV. The top decay will also produce a b-jet and a W . The W might produce additional jets or leptons with p / T . These decay products will be boosted due to the large top momentum. Thus isolated leptons can most likely not be used to reconstruct the top quark.
Finally we want to mention an effect arising from the mass ordering in the light part of the spectrum. We have shown in Figs. 6( . For example, all right-handed squarks, which do not directly couple to the L 2 Q 3D1 operator will predominantly decay into theχ 0 1 . Thus pair production of right-handed squarks,q R , has a large fraction of the signaturẽ
We have six jets, j, where two jets rise from theq R decay and four jets from the decay of the twoμ L . If thẽ µ L decay via the 3-body decay (see Table IV) , two jets will be b-jets and we will also have two W s in the final state. We also find two muons fromχ LSP. In principle, it should be possible to reconstruct the full event, Eq. (36), although we have large combinatorial backgrounds due to the many jets in the final state.
We show in Fig. 11 the p T -distribution of the muons arising fromχ 0 1 decay within our example scenario, Eq. (34). The distribution peaks at 20 GeV and therefore we expect that most of the muons will pass standard experimental cuts. However, the position of the peak is restricted by the mass difference of theμ L and χ 0 1 . In our example the mass difference is 37 GeV. In general we find in Figs. 6(e), 7(e) mass differences of up to 90 GeV.
In aν i LSP scenario with λ ′ ijk | GUT = λ ′ 231 | GUT we get the following differences. Now left-handed (righthanded down-type) squarks of generation j (k) will couple to the L i Q jDk operator. These squarks can now decay into a quark of generation k (j) and into a lepton of generation i. In addition, the masses of these squarks will be reduced via the B 3 interaction. For i = 1, we have to replace the muons in the discussion above by electrons. For i = 3, we have taus instead of muons. We will get taus with large momenta, i.e. p τ = O(100 GeV), from the decays of the squarks via the B 3 interaction. These taus have a boost factor of γ = O(100) and are thus long lived leading to detached vertices of O(1 cm). We finally see in Figs. 7(f), 6(f) that also in large regions ofν τ LSP parameter space theτ 1 is lighter than theχ 
C. Single Sparticle Production
Here we explore single sparticle production, which is not possible if P 6 is conserved. We expect high rates due to the large λ ′ ijk coupling inν i LSP scenarios. We show in Table V the hadronic cross sections for different single sparticle production processes. We again consider the example scenario, Eq. (34), with λ ′ 231 | GUT = 0.11. The first four cross sections are calculated with HERWIG and the last cross section is taken from Ref. [15] . The first four processes involve a real or virtualν µ , which is the LSP. The corresponding processes with theμ L are not possible, because one parton in the initial state has to be a top-quark. A singleμ L can therefore be produced only in association with a SM particle, for example with a top-quark [15, 95] , see also Table V. We indeed observe in Table V a large cross section for the resonant production of singleν µ s due to the large λ ′ 231 coupling, high parton luminosity (due to small Bjorken x) and large phase space. For 10 fb −1 integrated luminosity we will produce more than two millionν µ LSPs. However, theν µ can only decay into two jets, cf. Table IV , where one jet is a b-jet [97, 98] . This process thus suffers from large QCD background and it will be very hard to observe an excess over the SM background at the LHC [67] .
The process in Table V with the second largest cross section is singleμ L production in association with a top quark. This process suffers in general from the large SM tt+jet background [15] . However it might be possible to see an excess over the SM in small regions ofν µ LSP parameter space, where theχ 0 1 is lighter than theμ L , cf. Figs. 6(e), 7(e). Theμ L can decay in this case toχ 0 1 µ and we might employ the charge asymmetry of the muons to distinguish the signal from the background [15] .
The production of aχ We conclude, that pair production of SUSY particles and their subsequent decays lead to much more promising signatures than single sparticle production. On the one hand, resonant single sneutrino production, which occurs at a high rate, lead mainly to jets in the final state and thus suffers from the large QCD background. On the other hand, processes with one or two leptons in the final state have small cross sections, i.e. 
VI. CONCLUSION
In supersymmetric models it is essential to know the nature of the LSP, since it is involved in practically all collider signals. In the MSSM the LSP is necessarily the lightest neutralino. However, in B 3 mSUGRA models this is not the case: It had been shown previously that one can obtain a stau LSP and even a sneutrino LSP. In this paper we have analysed in detail which B 3 mSUGRA parameter region leads to a sneutrino LSP. In particular, we have found that a coupling λ ′ ijk = O(10 −1 ) at the GUT scale will lead to a sneutrino LSP due to additional B 3 terms in the RGEs. We have shown, that such a large coupling can still be consistent with experiment, for aν µ,τ LSP. Ã ν e LSP is disfavoured due to the strong bounds on the couplings λ ′ 1jk , see Table I . We have explored which conditions at the GUT scale lead to a sneutrino LSP. We have shown that a negative trilinear scalar coupling A 0 with a large magnitude enhances the negative B 3 contribution to the sneutrino mass. We have found large regions in the B 3 mSUGRA parameter space, where the sneutrino is the LSP and which are consistent with the observed anomalous magnetic moment of the muon, a exp µ , as well as with BR(b → sγ), see Figs. 6 and 7. The allowedν µ LSP parameter space is hereby larger than theν τ LSP parameter space. We have also shown that a exp µ puts an upper bound of roughly 300 GeV on the sneutrino LSP mass.
We have next investigated the phenomenology of sneu-trino LSP models at the LHC. We have considered one benchmark scenario with aν µ LSP which is obtained via λ ′ 231 | GUT = 0.11. Within this scenario, we have found that direct decays of light as well as heavy SUSY particles lead to an excess of muons in the final state, cf. Table IV . We also have found that signatures from pair production of SUSY particles are more promising than from single sparticle production, since the latter mainly involve hadronic final states. Promising pair production signatures are high-p T muons of a few hundred GeV, cf. Fig. 9 , high-p T jets, like-sign muon events and long-lived taus with a detached vertex of O(1cm).
These signatures should be investigated by the experimental groups in order to find supersymmetry as well as to distinguish B 3 mSUGRA with a sneutrino LSP from "normal" mSUGRA with a stableχ 0 1 .
